BepoaTHOCTHbIU AHanu3 be3onacHocTu 1-ro YpoeHa (BADB)
AHeproonokoe Ne1 KOY A3C un Ne1 PASC

Probabilistic Safety Assessment Level 1 of SU NPP Unit 1 and
RNPP Unit 1

HDGSGHTaLI,I/IOHHbIe MaTepumasnbl N4

ExerogHoro MHdbopmaunoHHoro dopyma no AHanmnsy bezonacHoctn ASC ¢
Peaktopamu Tuna BB3P u PBMK

O6HuHCck, 16-20 okTadps 2000 r.

PaszpabotaHo IOxHO-YkpaunHckovi n PoseHckor ASC cosmecTHO ¢ TOO
“OHepropuck”
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Ob6beMbl nccnegoBaHUs The scope of PRA:
BAB 1 ypoBHs, unHTepdenc mexay 1 m 2 PRA Level 1, Level 1 to 2 interface
YPOBHAMM

Radioactivity source considered

NCTOYHNKN paanoakTUBHbBIX BbIOPOCOB reactor core
AKTBHaA 30HA

Plant operational mode analyzed

AkcnnyaTaumoHHble cocTtosiHus AMMY full power
HOMUHaIbHAA MOLWHOCTb

Initiating events treated

McxopHble cobbiTus aBapuii (UCA) internal events

BHyTpeHHne NCA ) )
yip Observation time

[Mepnon, HabnaeHud for SU NPP is 1992 - 1997,
ana K0y ASC: 1992 - 1997,
ana PA3SC: 1990 -1997

for RNPP is 1990 - 1997
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CTtpykTypa gokymeHtauuum (otyeta) no BAB

OT14eT no BAB

BepoaTHOCTHBIN

OCHOBHOW OTYeT Mpunoxenna
]
[ | ]
Basbl [JaHHbIX Tennorngpasnuyeckme
pacyeThbl

Basa gaHHbIX No
HaZeXHoCTN 060pya0BaHNS
1 oTkasam Mo obLuei npuyrHe

Basa gaHHbIX No

cucrtemam

Basa gaHHbIX No
VHUMIEHTaM 1 HapyLLIEeHUsIM

Basa gaHHbIX Nno
anny

Basa gaHHbIX No
KOHTaNHMEHTY

AHanus kputepues
ycnexa cuctem

PacyeTtHas mogenb AMMNY
RELAP5/MOD3.2

aHanns

NpeHTndunkauma n
rpynnuposaHune VICA

AHann3 HagexHocTn
nepcoHana

AHanns aBapuinHbIx
nocnenoBaTenbHOCTEN

AHanna cuctem

KonnyecTtBeHHas oLeHka
AHann3 3Ha4YnMMoCTu N
HeonpepeneHHocTH

%@E IIIIII.“WBepomHocmblﬁ aHanns 6e3onacHocTu 1 yposHsa (IOYA3C-1, PA3C-1)

PRA report structure

PRA report |
I
[ |
Main report Attachments
|
[ [ ]
Data Base Thermal hydraulic Probabilistic
calculations model

Reliability Data Base
System
Description

| Abnormal Events &
Incidents During Operation

NSSS Data Base

Containment Data Base

Analysis of System
Success Criteria

RELAP5/MOD3.2
Model

IE Identification and
Grouping

Human Reliability
Analysis

Accident Sequence
Analysis

System Analysis

Quantification, Uncertainty
and Sensitivity Analysis
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OCHOBHbIE pykoBOoAdALWMNE OOKYMEHTDI

[MpouenypHbie pyKOBOACTBA no
MPOeKTy, pa3paboTaHHbIe B
COOTBETCTBUU C:

TpeboBaHnaMK K COAepXaHUD OT4veTa
no ©6e30nacHOCTU OENCTBYIOWNX B
YkpanHe  3Heprobnokos A3C ¢
peakTopamm Tuna BBOP

pykosoactBamm MAIATO
nokymeHtamm Komuccum no saepHomy
perynuposanunio CLLUA

OCHOBHble pacyeTHble NporpamMmbl
REVEAL 2.0, IRRAS 5.68 -
BEPOATHOCTHOE MOAeNnpoBaHme / pacyeThl

RELAP 5/MQOD3.2 - aHanm3 npoLeccoB B
ANy

CONTAIN 1.12 - aHanus npoueccoB B 'O
(orpaHMyeHHOE NpPUMEHEHKE)

Regulations
Procedural guidelines for the Project
developed in accordance with:

Requirements to the substance of the
report on the safety of VWER NPPs
operating in Ukraine

IAEA guidelines
US NRC documents

Calculation codes

REVEAL 2.0, IRRAS 5.68 - probabilistic
modeling / calculations

RELAP 5/MOD3.2 - NSSS processes
analyses

CONTAIN 1.12 - containment processes
(limited implementation)



NMpoekT oueHKkn 6e3onacHocTy 3Heproonoka Ne 1 FOY ASC (SUSA):
BepossTHOCTHbIM AHann3 be3onacHocTt 1-ro yposHs (BAB)

SUNPP Unit 1 In-depth Safety Assessment Project (SUSA):

Probabilistic Safety Assessment Level 1
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KpaTtkoe onucaHme BeposaTHOCTHOM Moaenu Brief Description of SUNPP Probabilistic

IOy ASC Model
PacyeTHbI KOA, - IRRAS 5.68 Calculation code - IRRAS 5.68
O6wee konuyectso rpynn MCA - 16 Event trees total number - 16
O6wee konnyecTtso Al c N3 - 219 Core damage ASs total number - 219
ObLLee KONMYECTBO CUCTEM - 47 Systems total number - 47
O6wee konuyectso A0 - 371 FT total number - 371
Ob6Lee KonnMyecTso Model component total number - 2420
3/1EMEHTOB MOOENN - 2420

Total number of human action
Ob6Lwee konmd4ecTso 0A30BbIX

COBbLITUIA OeNCTBUI nepcoHana - 555 basic events - 555
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Cneundpuyeckmne metToabl
MOOENNPOBaHUSA

JlaHHble N0 HaOEeXHOCTU
obopynoBaHus

BanecoBckada oueHka

OT1ka3bl N0 ob6Len npnynHe
MGL n B-dakTopsbl

Manbie oepeBbs COObITUN -
oonblUMe OepeBbS OTKA30B

AHanus HaOe>XHOCTW nepcoHasa
komouHauma metonoB TRC n THERP

II\IIII.% BepoqaTHOCTHbIN aHanu3 6esonacHocTu KOYASC-1 (SUSA Project PRA)

Specific methods used

Componemt reliability data

Bayesian updating

Common cause failures
MGL and B-factors

Small event trees - large fault trees

Human reliability analysis

combination of TRC (time reliability
correlation) and THERP (technique for
human error rate prediction) methods
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lﬂ“\l"wBepomHOCTHblv’l aHanu3 6esonacHocTu IOYAIC-1 (SUSA Project PRA)

Pe3ynbTaTthl

CymmapHaa YlMA3 1,5E-4. 310 61M3kO K
TpeboBaHNaM YKPaAMHCKOro perynvmpyloLLero
opraHa n pekoMeHOyeMOMY MAIATO
3Ha4YeHuto ueneBoro nokas3atend — 1E-4 ang
cyuwecTtByowmx ASC

KoHcepBaTMBHbie MNOAXOAbI,
pe3ynbTaThl:

noBnangslne Ha

ON9 ydeTa OTKa3oB Mo oOLwen npninHe
ncrnonb3oBanca beta-daktop 0,1

BpemMsi AeNCTBUA BOMbLUMHCTBA CUCTEM
npegnonaranock 24 4 (yyactune
HEKOTOPbIX CUCTEM B
NPeoaoneHnn/CMaryeHnmn asapun B
NENCTBUTENBHOCTU ABNAETCS
KPaTKOBPEMEHHbLIM — OT MUHYT 00
HECKOJIbKMX 4aCOB)

KOHCepBaTMBHAa MeToAmKa OUEHKU
NEeNCTBUN nepcoHana

Results

Total CDF is 1.5E-4. This value is close to the
Ukrainian requirements and to IAEA
recommended value — 1E-4 for existing NPP

The quantification results were considerably
influenced by the conservative approaches
used in this analysis as follows:

use of beta-factor of 0.1 to common cause
failures

operation time duration for most of the
systems was assumed to be 24 hours
(participation of some systems in accident
elimination / mitigation in fact is short-term
one — between minutes and several hours)

conservative methodology of human action
assessment
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YacTtoTta noBpexaeHns akTUBHOM 30HbI

l\llll.nwBeposn'l-locn-lbu?l aHanus 6e3onacHocTn KDYADC-1 (SUSA Project PRA)

Core damage frequency

IE Conditional IE Core Percent of
CDF Frequency Damage Total CDF
Frequency
A - Large LOCAs (70 mm < Dy) 6.6x102 3.0x104 2.0x10-° 13.05%
S1 - Medium LOCAs (50 mm < Dy < 70 mm) 4.2x10°3 1.3x104 5.2x107 0.35%
S2 - Small, Noncompensated LOCA (30 mm< Dy < 50 3.7x10-3 1.1x10-3 3.9x106 2.59%
mm)
S3 - Small Compensated LOCAs (14 mm < Dy< 30 mm) 1.3x10°3 3.0x10-3 3.8x10°6 2.54%
S4 - Small, Small Compensated LOCAs (Dy< 14 mm) 2.2x104 2.4x10"1 5.4x107° 35.43%
Total for LOCAs: 8.2x10-° 53.96%
T1 - Loss of Power Supply from all 6 kV House Loads 1.6x10-3 1.0x10-2 1.6x10-° 10.36%
Bus Bars
T2 - Complete Loss of Main Feed Water (Main 8.4x104 5.0x103 4.2x10-6 2.79%
Feedwater Discharge Line Rupture)
T31 - Transients Leading to Reactor Scram Actuation 9.0x106 1.3 1.2x10° 7.91%
(AZ)
T32 - Loss of the Turbine Condenser Vacuum 7.8x10°° 1.2x10-1 9.5x106 6.25%
Total for transients: 4.1x10-3 27.31%
T41 - Small LOCA from Primary to Secondary Side 2.0x104 4.6x10-2 9.0x10-6 5.93%
T42 - Medium LOCA from Primary to Secondary Side 8.0x10-3 2.0x10-3 1.6x10-° 10.61%
T5/T7 - SG Steam Line/Main Feedwater Line Rupture 1.7x104 7.1x10°3 1.2x10°6 0.81%
inside the Containment
T61 - Unisolatable Steam Line Rupture outside the 1.3x10°° 5.8x10°3 7.1x108 0.05%
Containment between SG and FASIV
T62 - Isolatable Steam Line Rupture outside the 4.6x10-3 4.4x104 2.0x106 1.33%
Containment, including MSH Rupture
V - Interfacing LOCA due to Leakage through the 1.4x10°2 3.6x10°7 5.1x109 0.00%
Primary Make-Up/Let Down Lines
Total for special initiators: 2.8x10-° 18.73%
Total: 1.5x10-4 100%
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HomMmunHaHTHble BKNnaadnkm B HINMA3 (no NCA)
Dominant accident contributors to CDF by IE

S4
35.44%

A
13.07%
Other
10.43%
T41 T420
5.93% 10.62%
6.24% ™1
7.92% T1

10.36%

S4

T42

T1

T31

T32
T41
T2

S2
S3

T62

T5&T7

St
T61

Small small LOCAs (Dn 14 mm)
compensated by CVCS system

Large LOCAs

Medium LOCA from primary to secondary
side

Loss of power supply to all 6 kV house
loads bus bars

Transients leading to reactor scram
actuation

Loss of the turbine condenser vacuum
Small LOCA from primary to secondary side

Complete loss of main feed water (main
feed water discharge line ruptures)

Small noncompensated LOCA (Dn<50 mm)

Small LOCAs compensated by CVCS and
ECCS systems

Isolatable steam line rupture outside the
containment, including MSH rupture

SG steam line/main feed water line rupture
inside the containment

Medium LOCAs

Unisolatable steam line rupture outside the
containment, between SG and FASIV

Interfacing LOCA due to leakage through
the primary make-up/let down lines
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NomMmunHaHTHble Bknag4mkm B HIMAS3

Mo nencrTBuaM nepcoHana

Otkas pencteuin nepcoHana no opraHu3auumn
pacxonaxuBaHus
OTka3 DNencTBun
oopupoBaHue
Otka3s pencTtBMiA nepcoHana no un3onauum
aBapumnHoro Nr

nepcoHana Ha4yaTb

dakTopbl, BAUSAIOLLIME HA pe3ynbTaThl:

aBapuiiHble Npoueaypbl ABAKIOTCA COObITUNHO-
OPWEHTUPOBaHHbIMKU. Pa3paboTka u BHeapeHue
CUMNTOMHO-OPUEHTUPOBAHHbIX npouenyp
No3BONMO Obl NOBLICUTL Be3onacHocTb ASC

O4YeHb BbICOKMWA YPOBEHb KOHCepBaTM3Ma
METOOMK  OUEHKM  HaOeXHOCTU  OencTBun
rnepcoHana.

NCroJsib30BaHve 06006LeHHbIX JaHHbIX.

BHegpeHne nonHomaclutabHoro cummynaropa um
npoBegeHne Ha HeM TPEeHUPOBOK MOBbICUT

HaOeXHOCTb nepcoHana. Mcnonb3oBaHue
CTaHUMNOHHbIX OaHHbIX no HaOEeXHOCTN
rnepcoHasna rNMO3BOJINT rnoJiydnTb oonee
peanncCTtunyHble OouUeHKN BINAHUNA

yenoBeyeckoro ¢daktopa Ha HIA3.

% BepoaTHOCTHbIVM aHanu3 6e3onacHoctu KOYASC-1 (SUSA Project PRA)

The CDF is dominated by

In part of operator actions:

Operator failure to initiate cooldown
Operator failure to initiate boration
Operator failure to isolate the affected SG

These results are determined by the
following factors:

emergency procedures in force presently
are event-oriented ones. Development and
implementing of symptom-oriented
procedures would allow to improve NPP
safety sufficiently.

extremely high level of conservatism
assumed in the used HRA methods.

using of generic data. Implementing of the
full scope simulator and its use for operator
training will increase human reliability. Use
of the plant - specific data on HRA will
enable to obtain more realistic assessments
of human factor in the PRA model.

10
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NoMnHaHTHbIE BKJ1Iaa4nkmn B HIMAS3

Mo o6opynoBaHmMio

cucrtema CAO3 HAO n ee
obecneymBawLLe CUCTEMDI

9710 06YyCNOBNEHO CleayLMN
dakTopamu:

NPUMEHEHMNE Tennon3onauun,
KoTopasi npu aBapugx € Teyamm 1
KOHTYpa MOXEeT pas3MenbyaTbCa W
3acopsTb CeTKN NMPUEMHOrO0
YCTPOMNCTBA NnpudamMkKa

HEBO3MOXHOCTb MCMOJIb30BaHUS
cuctembl CAO3 B npun HU3KUX
naeneHunax (meHee 40 6ap) n nogauu

BOAbl B MEPBbIA KOHTYP OT NpusiMKa
ro

II\IIII.% BepoqaTHOCTHbIN aHanu3 6esonacHocTu KOYASC-1 (SUSA Project PRA)

The CDF is dominated by

In part of hardware failures

LPIS and its support systems

It is stipulated by the following design
deficiencies:

Using of heat insulation that can be
dispersed under primary LOCA
conditions and clogging sump filters

Impossibility to use HPIS under low
pressures (below 40 bar) and inject
water into the primary circuit from
containment sump

11
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BbiBOAbI U peKOMeHaauumn

MeponpuaTtns, 3Ha4nTENbHO
nosblllaKoLwme 6e3onacHOCTb 610Ka:

MOOEPHN3NPOBATb KOHCTPYKLNIO MPUEMHOI0
yCTpOMNCTBa npusamMka

MogepHu3nposatb cuctemy CAO3 B/
(o6ecneuymB BO3MOXHOCTb paboTbl OT
npuamMka u npu gasneHnm meHee 40 6ap),
4YTO MO3BOJIUT UCI0J/1Ib30BaTb 3Ty CUCTEMY
ONg NoannTKMU 1 0TBOAA OCTATOYHbIX
TennoBblgeNeHNin NP HA3SKNX OABMEHUSX, a
Takxe opraHmusaumv pexmnma feed and bleed
Npu BbICOKMX NapamMeTpax NepBoro KOHTypa;
pa3paboTka u BHegpeHne CUMTOMHO-
OPUEHTUPOBAHHbIX aBPUNHbBIX MHCTPYKLNA
npenycmMoTpeTb n BHECTU B WA
MeponpuaTma no obecneyeHmnio
0ONrOBPEMEHHOIo oTBOAA Tenna
OCTaTO4YHbIX TErNOBbIAENEHUA MPU HU3KUX
napameTpax Py BTOPbIM KOHTYpOM
(opraHmnsaumsa noanutkmn 6akos BA30B)

% BepoaTHOCTHbIVM aHanu3 6e3onacHoctu KOYASC-1 (SUSA Project PRA)

Conclusions

It is possible to improve the unit safety
sufficiently by the following measures
undertaking:

To change heat insulation type and to
upgrade structure of sump filters

To upgrade HPIS and envisage using of
this system for makeup and removal of
residual heat under Ilow pressures
condition as well as envisage a possibility
to use feed and bleed mode under the
high primary parameters

To develop and implement symptom-
oriented EOP

To envisage and introduce into EOP the
measures to provide for long-term
removal of residual heat by the
secondary side under low parameters of
RF (arrangement of BAZOV tanks
makeup).

12
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% BepoaTHOCTHbIVM aHanu3 6e3onacHoctu KOYASC-1 (SUSA Project PRA)

BbiBOObI U pekoMeHaaLumu
(NnpopomKkeHue)

B
ch

rnpouecce aHasin3a BblFdBJIEHbI
eagyruwmne HegoCTaTkn rnpoekTa

CBs3b cucTtem 6€30MacHOCTU C
obecneyrBalOLWMMN CUCTEMAMN HOPMasTbHOW
aKcnnayataumm, KOTopble He3anuTaHbl OT
Ha[EXHOro 3NeKTPOCHaAbXeHna (npumep,
cmcTemMa Cblpoi BOAbl, UCnonb3yemas oJis
OXNaXOEHUS CUCTEMbI KOHOANLMOHNPOBAHUA,
koTopaa oxnaxpgaet LLUIMT cuctem
6e3onacHoCTM). B HacTosee BpemMs 3TO yxe
yCTpaHEeHoO.

3aBrcMMoOCTb Bcex 3-x kaHanoB CB ot ogHoro
KaHana obecne4ymBalowmx cnctem.Hanpmmep

3NeKTPOCHabXeHne Luenei ynpaBneHus 3adBUXEK Ha
Hanope Bcex Tpex kaHanoB AI3H ocywectBnseTca oT
ogHoln naHenu ENO2;

pPEerynaTopbl Ha AMHUK NNaHoBOro pacxonaxueaHnsa CAO3
HZ nmeloT 3anuTky OT HOPMaJIbHOIO 3NEKTPOCHaBXEeHUs n
npn ob6ecToYeHMN [OUCTaHUMOHHOE YyhpasfieHne Oyper
noTEePSIHO

Peannzauna meponpuaTtnii no
YCTPaAHEHUIO yKa3aHHbIX HEJOCTaTKOB
MOXET NOBbLICUTbL 0e30NacHOCTb 0e3
CYLLECTBEHHbIX PUHAHCOBBLIX U
MaTepuasnbHbIX 3aTpaT

Conclusions (cont.)

The following design features are
disclosed in this analysis:

Dependencies between safety systems and
normal operation support systems, which
are not power supplied from EPS source (for
example, non-treated water system used for
cooling of conditioning system that, in turn,
cools safety systems DC bus inverters).
Actually, it is corrected.

For some safety systems the principle of
redundancy is violated, i.e., front-line
systems have dependencies resulting in their
failure to operate from the normal power

supply system. For example,

the control of gate valves at discharge of the all three
galnbs of EFW is lost under short circuit of ENO2
usbar;

during LOSP and operation of LPIS at planned
cooldown line it is possible to provide primary
cooldown local control only manually, since cooldown
controllers are energized from the busbars of normal
power supply

Implementing of these potential plant
enhancements to remove the named
deficiencies can improve safety without
sufficient material and financial
expenses

13
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II\III.MBepomHOCTHblv’l aHanu3 6esonacHocTu KOYASC-1 (SUSA Project PRA)

Mo npepnoxeHUto YKPanHCKOro perynavpyrouLero
opraHa, B anpene 2000 r. cocTtosnacb Muccus
MAIFATS no npoBegeHuto 3kcneptn3bl BADB
(IPSART)

Cnepnyouwye obnactn BAB Obiniv pacCMOTPEHDI:

LUenn, 3amaun u opraHuzauma BAB, meTogonormyeckme
OCHOBbI

OnuncaHue npoekTa 1 3Kcnayartauum aHeprobdnoka
JokymMeHTpOBaHMe 1 npoueaypbl obecrnevyeHns Ka4ecTsa
AHannabl AaHHbIX

Onpepnenernne NCA

TepmormngpaBnnyeckne pacyeThl

CucteMHbIn aHanma

AHanuns aBapuiiHbix NocnenoBaTenbHOCTEN

AHanmMa HageXxHoCTM nepcoHana

3aBucMMble 0TKasbl 1 0TKa3bl NO 0OLLEN NpUYnHe

NHTerpaunss BepoOATHOCTHON MOAeNn W KONMYECTBEHHbIe
pacyeTsbl

MHTepnpetauma pes3ynbTaTtoB, aHanmabl 3HAa4YMMOCTU U
HeonpeaneneHHOoCTn

On request of the Ukrainian Regulatory Body in
April 2000 IAEA conducted IPSART mission to
peer review the results of Level 1 PRA for SUNPP
Unit 1

The following specific fields of the Level 1 PRA
were reviewed:

The scope and objectives of the Level 1 PRA, PRA
procedures and organisation

WWER 1000 plants specific design and operational
features

Quality Assurance, Documentation

Data analysis

Initiating event definition

Thermal-hydraulic analysis

System analysis

Sequence analysis

Human reliability analysis

Dependent and Common cause failure analysis
Model integration and quantification

Results interpretation, sensitivity and uncertainty analysis

14
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% BepoaTHOCTHbIVM aHanu3 6e3onacHoctu KOYASC-1 (SUSA Project PRA)

KnouyeBblie NO3NTUBHbIE aneKTbl

ObwupHoe wucnonb3oBaHune ana uenen BAB
TepMormapaBInyecKkmMx pacyeToB, cneundUyHbIX
nns aHeproo6noka QY ASC-1

YpoBeHb nporpamMmmbl Ka4ecTBa, UCMOJSIb30BaAHHOM
ansa npoekta BAB

YpOBEHb WCMONBL30BAHUSA CTAHUMOHHbBIX OaHHbIX
NO HageXHOCTU 0bopyaoBaHMA. 3HauUTEsbHbIE
ycunma ObinyM  NOTPayeHbl Ha onpeaeneHme
MHTEHCMBHOCTEN OTKA30B, cneunduyHbiXx ans
paccMaTpuBaemMoro aHeprobnoka

banecosckuin MeTo[, KOMOUHMPOBaHNSA
0000LLEHHbIX " CTaHLMOHHBIX JaHHbIX
COOTBETCTBYET CTaHOapTHOW MEeToa010rnn
MAIFATS. MeTtogbl u nogxoabl obecnedymBatoT
peanncTU4YHOCTb NCMNO/b3yeMbIX DAaHHbIX.
JeTtanbHoe OOKyMeHTUpoOBaHMe YyOooOOHO AOns
oyoywux nonb3oBartenen BAB.

The key positive aspects found by the
IPSART

Extensive use of plant specific RELAP5/MOD 3.2
analyses to support the PRA activities.

Establishment and implementation of an
adequate QA program.

Appropriate  use of plant specific data.
Considerable efforts were spent on identifying
plant specific failure rates.

Bayesian techniques used for combining plant
specific experience and generic data is in line
with standard PRA methodology. The methods
and approaches used are very comprehensive
and help ensure realistic reliability data is used.
Comprehensive data documentation helps future
users of the PSA.

15
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OcHoBHble pekomeHpaunn muccum IPSART

Bbin  chopmynupoBaH psan  pekoMeHJaumin - pasfindyHoOro
YPOBHS MPUOPUTETHOCTM:

® Bbicokag -1
e CpegHaa - 10
® Hwuskas -16

MpocTpaHCTBEHHbIE 3dPeKTbl, CONPOBOXAAKOLME Pa3PbIBbI
naponpoBodoB 3a npegenamm O mMMelOT 3HaAYUTENbHbIE
nocnencTems. AHanms3 Takux 9¢pdEeKTOB He BOLUEN C COCTaB
®a3bl | npoekta BAB. 3T0 6yOeT BLINOJHEHO B pamMkax
AHanmaa BHYTPEHHUX 3KCTPEMasbHbIX BO34ENCTBUNA.

PeKomeH,u,yech OONOJIHNTENbHO npoaHanM3npoBaTb
3aBNCMOCTUN Mexay LencTBnaMun nepcoHana.

PekomeHnayeTcs MOOEeNMpoBaTb HEroToBHOCTb
obopynoBaHMa  BcreacTeumM  obcnyxmBaHus B Gonee
nocnenoBaTenbHON MaHepe.

PekomeHayeTcs bonee cucTeMaTn4ecknm nytem
aHanM3upoBaTb [O0-aBapwuiiHble OENCTBUSA MNepcoHana no
PEMOHTY, 06CNYXUBaHUIO UM HACTPOIKe 0O0pyaoBaHUS.

PekomeHnayetca pgononHutb nepedeHb MICA cobbiTvaMn c
notepen QAOBYX M Tpex KaHanoB TexBOoAbl OTBETCBEHHbIX
notpeburenen.

C uenbio 3dPeKkTUBHOrO UCNONbL30BaHUS peayfbTatoB BAB
B MOBbIWEHNM ©e30nacHOCTU 3Heprobnoka, AaHHbIi BAB
MOXeT OblTb MCMONb30BaH B KayecTBe 6as3bl ns Oyaywiero
Tekywero BAB.

II\III.MBepomHOCTHblv’l aHanu3 6esonacHocTu KOYASC-1 (SUSA Project PRA)

The main IPSART recommendations

number of recommendations with different levels of priority
was issued .

e High -1
® Medium -10
e Low -16

Consequential Effects of Steam Lines ruptures outside
containment is recognized as highly important. This
analysis will be one of the goals for Phase Il PRA Program
(Internal Hazard Analysis).

It is recommended to check human actions modeling to
take into account dependent human actions.

The review team recommends unavailability due to
maintenance to be included in the PRA model in a more
consistent manner.

Pre-initiator human actions associated with the repair,
maintenance or calibration is also recommended to be
included in the study in a systematic way for all systems.

It is recommended to extend IE list to consider Loss of 2
and Loss of all 3 service water trains as a two separate
events.

In order to continue to use PRA insights in the
enhancement and understanding of plant safety, this PRA

should be used as a basis for future Living PRA.
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BepoaTHOoCTHbIM AHanu3 be3onacHocTu 1-ro yposHsa (BAB)

RNPP Unit 1 In-depth Safety Analysis Project (RIVISA):

Probabilistic Safety Assessment Level 1
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OcobeHHOoCTHU
REVEAL_W:

pac4eTHOro KOoOa

JocTaTo4yHble aHanuTuyeckme BO3MOXHOCTU
ON9 Noaaep>XKu ynpaBneHnst KoHpurypaumsamm
CUCTEM Ha OCHOBE puCKa.

Bbicokasi cTeneHb MOAyNapu3aumi:

obneryaetr paboTy C BEPOATHOCTHOMN MOAENbIO
3Heprodnoka

ynpoiyaeTt moamdukaLnio Normku Moaenu

B nepapxmn4eCkom BUnae NMnoKa3blBaeT

B3anMMOCBA3N CUNCTEM

BO3MOXHOCTM B SBHOM BMAaeE
OEMOHCTPUPOBAThb BAINSIHME OTKA30B
060opyaoBaHMs Ha OOLLYIO NTOFMKY MOOENN:

ynpowaetr aHalanmi3 BJINAHUA MHOXEeCTBEHHbIX

0TKa30B 060pyaoBaHUS

Jlornka ycnexa

COBMEeCTMMa CO CTaHUMOHHOW OOKYMEHTaUMENn, C
MPOEKTHOM M 3KCNyatauMOHHON MPaKTUKON

YpobHa ansa
SHeprobnoka

N3y4yeHuns nepcoHanom

% ‘BepoaTHOCTHbIV aHanu3 6e3onacHoctu PASC-1 (RIVISA Project PRA)

The features of REVEAL_W:

The adequate analytical capability of
REVEAL_W to support risk-based configuration
control in real time.

It is highly modularized:

Facilitates navigating in the entire plant logic
model

Facilitates modifying the logic

It is transparent and displays
interactions in a hierarchical fashion

systems

Able to propagate the effect of equipment
losses in the entire logic:

Facilitates
analyses

multiple equipment out-of-service

It is success-logic-oriented

Compatible with design and operating practices,
plant documentation

It is easy learning for operating staff

18



I|\||||.|% BeposaTHOCTHbIN aHann3 6e3onacHocTn PA3C-1 (RIVISA Project PRA)

KoHuenuusa OCHOBHOM Nnorn4yeckon
anarpamMmmel aHeproodnoka (MPLD)

REVEAL_ W wucnonbdyetr «koHuenuuio MPLD,

NPUMEHseMylo0 B KayeTCTBe OCHOBbI ans BAb B
CLLA.

MPLD nokasbiBaeT ¢pusnydeckme
MEXCUCTEMHbIE 3aBUCUMOCTN B KOMMAKTHOM U
NIOrM4eCcKoM Bmae .

[MpenmyLecTBO:

BO3MO>XHOCTb oTCcnexmBaTtb
MEXCUCTEMHbIX 3aBUCUMOCTEN

Pa3paboTka KOMMNEKCHOW NIOrM4eckom Mmoaenu
MO3BONISIET MOJIY4YUTb ClieayloLme BbIrofpbl:

ACHOCTb
npocToTa

KOMMaKTHOCTb

npupony

Master plant logic diagram (MPLD)
concept

REVEAL™ uses the MPLD concept is being
applied in the US as a framework for
conducting PRAs.

MPLD depicts, in a single graph, all of the
physical interrelationships between various
plant systems and subsystems in a compact
and logical form, displaying interrelationships
down to the subsystem level (e.qg. train level).

The advantage:

the ability to communicate the nature of
interrelationships between subsystems

The key benefits in developing a complex logic
model:

transparency
simplicity

compactness

19



I|\||||.|% BeposaTHOCTHbIN aHann3 6e3onacHocTn PA3C-1 (RIVISA Project PRA)

‘ﬁcf
E
KpaTtkoe onucaHune BepoOSTHOCTHOM Brief Description of RNPP Probabilistic
moaenun PASC Model
Pac4yeTHbIn KOL, - REVEAL_W 2.0 Code - REVEAL
O6uwee konunyectso rpynn NCA - 18 Total number of the incorporated IEs - 18
O6uwee konnyectso All ¢ N3 - 499 Total number of the modeled ASs with CD - 499

ObLwee kKonnmyecTBo 6a30BbIX
3/1eMeHTOB Moaenu - 2848 Total number of the Basic Events - 2848

More than 200 thermal-hydraulic
calculations were performed to support
accident sequence modeling and success
criteria analysis

Bonee 200 TepMOrngpaBiNyeCcKnx
pacyeToB ObII0 BbINOSIHEHO [J1 aHanmM3a
aBapuUMHbLIX  MocnegoBaTesIbHOCTEN U
KPpUTEPUEB yCrnexa

20
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Cneundpuyeckmne metToabl
MOOENNPOBaHUSA

Jloruka ycnexa

JaHHble no Ha0EXHOCTU
o0bopynoBaHus

BbanecoBckasa oueHka

OT1kasbl NO 06LEN NPUYNHE
MGL n B-dakTopsbl

Manble npepeBbst COObITUN -
OonbLIMe aepeBbs YCNEXOB

AHann3 HagexHOCTM nepcoHana

komouHauma metonoB TRC n THERP

I|\||||.|% BeposaTHOCTHbIN aHann3 6e3onacHocTn PA3C-1 (RIVISA Project PRA)

Specific methods used

Success Logic

Component reliability data

Bayesian updating

Common cause failures
MGL and B-factors

Small event trees - large success
trees

Human reliability analysis

combination of TRC (time reliability
correlation) and THERP (technique for
human error rate prediction) methods

21
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F2)

[NpenBapuTenbHble pes3ynbTaThl Preliminary Results

CymmapHasa YIMA3 8.41E-4. Total CDF is 8.41E-4

PacuyeTbl BbISBMV PsA HEA0CTaTKOB NPOEeKTa, The following weak points significantly

CyLLEeCTBYIOLMX aBapnnHbIX npouenyp v T.mn., affected the CDF were revealed

CYLLEeCTBEHHO BAusaoWmnx Ha YIMA3
Moteps B3K BeaeT k oTkasy scex AlNIH v Loss of one EFW tank lead to failure of
LANSH emergency and auxiliary feedwater systems
B0O3MOXHOCTb 3acopeHunsa 6akoB- Confinement sump clogging with insulation
npusimkos 'O nsonsaumen Causal loss of ECCS systems (for some

LOCAs) due to pumping water by LPIS tank

BO3MOXHOCTb 3aBMCMMOI0 OTKa3a CUCTEM ;
from the confinement sump to LPIS tank

CAQO3 (onga HekOTOpbIX Teyen 1 KoHTypa) B
pesynbTaTte 3abopa Boabl N3 baka-
npuamka Hacocammn CAO3 H/ v Artificial blackout

nepekaykn ee B 6ak CAO3 Violation of the redundancy principle (all
BRU-K and one BRU-K are powered from

Mpobnema NCKYCCTBEHHOIO 00ECTO4YEHUS : :
one essential power supply train)

HepoctaTtoyHoe pa3aeneHue no
anekTpocHabxeHuio (Bce BPY-K 1 oanH
BPY-A 3anuntaHbl OT ogHOro KaHana
HaOEXHOro 3NeKTPOCHaAOXEeHUS)

22
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BoccTtaHoBUTENbHbIE OENCTBUS

Bbinn npoaHann3anpoBaHbl U
0O0CHOBaHbl BO3MOXHOCTU npnMeHeHn4d
cnenyrwmx BOCCTaHOBUTENbHbIX
NENCTBUIN:
Feed & bleed ona All ¢ notepen pyHKUUN
oTBOAA Tenna rno 2 KOHTypy

YnpasneHne paBneHnem 1 KOHTypa
nocpeacteom dannaca MK KO

Ayb6nnposaHue PYHKLUMMN oTBOAA
OCTaTO4YHbIX TEN/OBbIAENEHNI MPU HU3KNX
napameTtpax

MepeBon saHeprobnoka B 6e3onacHoe
KOHEeYHOEe COCTOSAHME MPUN HUBKMX
napameTpax nNpu OTpbIBE KPbILLKU
konnekrtopa Nl n HeBO3MOXHOCTH
N3019UUN TeYn

I|\||\|.|% BeposaTHOCTHbIN aHann3 6e3onacHocTn PA3C-1 (RIVISA Project PRA)

Recovery actions

The following recovery actions were
analyzed and substantiated:
Feed & bleed for accident sequences

involving loss of secondary heat removal
function

Primary pressure control by opening of
PORV bypass

Redundancy for decay heat removal
function at low parameters

Bring the unit to safe state at low
parameters in the case of SG manifold
rupture with failure of the leak isolation

23
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YacTtoTta noBpexaeHns akTMBHOW 30HbI

Core damage frequency

IE Conditional | CDF without % Conditional |CDF with RF %
Frequency | Probability RF Probability
without RF with RF
A1 - Very Large LOCA 8.79E-06 1.39E-02 1.22E-07 0.0% 1.39E-02 1.22E-07 0.2%
A2 - Large LOCA 1.26E-04 1.49E-02 1.87E-06 0.2% 1.49E-02 1.87E-06 2.2%
S1 - Medium LOCA (Dn 70-110 mm) 2.82E-04 9.60E-04 2.71E-07 0.0% 9.60E-04 2.71E-07 0.3%
S2 - Medium LOCA (Dn 20-70 mm) 3.14E-03 7.57E-02 2.38E-04 23.1% 1.19E-03 3.73E-06 4.4%
S3 - Small LOCA 3.16E-03 1.41E-03 4.46E-06 0.4% 1.41E-03 4.46E-06 5.3%
S4 - Very small LOCA 2.59E-01 1.15E-03 2.98E-04 28.9% 1.90E-05 4.93E-06 5.9%
Total for LOCAs:] 5.43E-04 52.7% 3.24E-02 | 1.54E-05 18.3%

T1 - Loss of power supply for all 6 kV 3.04E-02 1.51E-03 4.59E-05 4.5% 2.42E-04 7.37E-06 8.8%
busbars
T2 - Feedwater line rupture outside 1.30E-03 1.19E-02 1.55E-05 1.5% 2.70E-03 3.50E-06 4.2%
confinement
T3-1 - Transients leading to scram 1.40E+00 7.78E-05 1.09E-04 10.6% 1.90E-06 2.67E-06 3.2%
T3-2 - SG RV stuck open 7.07E-02 2.95E-03 1.53E-04 14.9% 8.73E-05 6.17E-06 7.3%
T3-3 - Inadvertent closing of FASIV 3.40E-02 1.61E-05 5.46E-07 0.1% 1.61E-05 5.46E-07 0.7%

Total for transients:] 3.24E-04 31.4% 3.04E-03 | 2.03E-05 24.1%
T4-1 - Medium LOCA from primary to 5.00E-03 1.10E-02 5.51E-05 5.4% 6.96E-03 3.48E-05 41.4%
secondary
T4-2 - Small LOCA from primary to 4.45E-02 2.36E-03 1.05E-04 10.2% 2.25E-04 1.00E-05 11.9%
secondary
T5 - Main steam line rupture inside 7.10E-03 2.27E-04 1.61E-06 0.2% 2.27E-04 1.61E-06 1.9%
confinement
T6 - Main steam line rupture outside 8.31E-03 2.23E-04 1.85E-06 0.2% 2.23E-04 1.85E-06 2.2%
confinement
T7 - Feedwater line rupture inside 1.23E-03 1.52E-04 1.87E-07 0.0% 1.52E-04 1.87E-07 0.2%
containment
T8 - Loss of Essential Service Water 1.67E-06 3.73E-04 6.24E-10 0.00% 3.73E-04 6.24E-10 0.00%
System
V - Interfacing-system LOCA 3.56E-07 2.71E-03 9.65E-10 0.00% 2.71E-03 9.65E-10 0.00%

Total for special initiators:] 1.64E-04 15.9% 1.09E-02 ] 4.85E-05 57.61%
Total:] 1.03E-03 | 100.00% 8.41E-05 | 100.00%
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e

HomunHaHTHble BKagyumkm B YHIMA3 (no NCA)
Dominant accident contributors to CDF by IE

T41

41.36% T4-1 Medium LOCA from primary to secondary
T1 Loss of power supply for all 6 kV busbars
T2 Feedwater line rupture outside confinement
T3-2 SG RV stuck open
S4 Very small LOCA
T4-2 Small LOCA from primary to secondary
S2 Medium LOCA (Dn 20-70 mm)
S3 Small LOCA
T3-1 Transients leading to scram
A2 Large LOCA
T6 Main steam line rupture outside

confinement
T T5 Main steam line rupture inside confinement
8.76% T3-3 Inadvertent closing of FASIV
Other S1 Medium LOCA (Dn 70-110 mm)
15.33% A1 Very Large LOCA
T7 Feedwater line rupture inside containment
T8 Loss of Essential Service Water System
Y Interfacing-system LOCA
T2
4.16%
S3 T42 7.33%
0 .86°
5-30% 11.89% >-86%
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% ‘BepoaTHOCTHbIV aHanu3 6e3onacHoctu PASC-1 (RIVISA Project PRA)

EOI Implications from the Preliminary Insights

Teyb Oaka 3anaca KoHOeHcaTa

Bakn B3K B3ammocBsa3aHbl. Teub noboro
Oaka BepeT K notepe 3anaca BOAbl BCEN
CUCTEMBI

Onepatop O0MKEH cneauTb 3a YPOBHAMM
B B3K u B cnyyae Teun npennpuHATb
JencTBus rno n3onsaunm

3acopeHune 6akos-npuamkoB O

[Mpy BO3HMKHOBEHUM Teyen 1 KOHTypa
CYLLEeCTBYEeT BO3MOXHOCTb 3aCopeHud
Bcex ©OakoB-npuamkoB [O obnomkamu
TEenaon3onaumn

Onepatop MOXET YynpaBnaTb KaHanamu
CAO3 cCc uenbo yBenuyeHms obliero
BpemMeHn pabdoTtbl cuctemsl CAO3

Feedwater tank rupture

The both emergency feedwater tanks are
connected. A severe leak or rupture of
either tank would cause both tanks to lose
inventory

Operators could monitor the tank levels
and isolate the connecting line between
the tanks in case of rupture

Sump clogging
During relatively large LOCAs confinement
insulation will enter the sump. This could

ultimately clog the ECCS pump intakes,
resulting in a causal failure of all trains

Operators could stagger ECCS train
operation, shutting down two of the three
trains. This could increase the total ECCS
operation time
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% ‘BepoaTHOCTHbIV aHanu3 6e3onacHoctu PASC-1 (RIVISA Project PRA)

EOI Implications from the Preliminary Insights

3aBuncuMbii otka3 HacocoB CAO3

ona manbix Tedyenm 1 KOHTypa [OaBneHue
CTabunnanpyeTcsa Ha YpPOBHE, BbllEe OaBfieHUS
pabotbl CAO3 HJ], Ha 1 KOHTYp

B nepsBoHayvanbHbin MOMeHT aBapun, CAO3 B/ u
HC 6ynyT ncnonb3oBaTtb Boay n3 6aka CAO3 B/,
nocne 4ero BCe Hacocbl OyayT paboTtatb OT
oaka-npuamka 0. Pabota CAO3 H no nuHum
PEeUMPKYIALMN NPUBOOVT K::

OoCyLUeHuto Haka-npuamka ro
3anosiHeHnsa 6aka CAO3 HA,; nnn

BCNeacTBnn

nepenonHeHnio 6aka CAO3 HJI c¢ nocnemylowmm
3aTonsieHnemM nomelgeHnn CAQOSI.

OT0O MOXEeT BectM K  OTKasy CUCTEM
©e30nacHOCTM BCNeACcTBUMM KaBuUTaUMKM UM NO
npu4nHe 3atonnenmnsa nomeweHnin CAOS.

B WJIA ponXHbl OblITb OnuMcaHbl OENCTBUA
nepcoHana no npenoTBpalleHnio 3adbopa
BOObl M3 NpuaMKa W 3anonHeHus Oaka
CAO3 H/

ECCS pump causal loss

During small LOCAs the primary pressure
remains above the LPIS discharge head for
considerable time. However, once a LOCA
condition is detected the plant protection system
actuates all three ECCS trains.

Initially, the HPIS and CSS will draw water from
storage tanks. When the tank inventory is
depleted all three systems (HPIS, LPIS, and CSS)
will  have their suction diverted to the
confinement sump. If the LPIS is still operating in
a recirculation mode that bypasses the reactor, it
will either:

pump the sump dry by transferring its inventory back
to the storage tanks; or

overfill the tanks, resulting in flooding of the ECCS
pump compartments.

If the sump goes dry, the ECCS pumps will fail
due to cavitation. If the tanks are overfilled the
resultant flooding is likely to fail the ECCS
pumps. In either situation, the result will be core
damage.

New EOPs have to prescribe actions
preventing LPIS from injecting
containment sump water to ECCS tank
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M’,Bepomﬂocmblﬁ aHanu3 6esonacHoctun PAJC-1 (RIVISA Project PRA)

EOI Implications from the Preliminary Insights

Feed and bleed

[MoTeps ¢yHKUMKM oOTBOAA Tenna no 2
KOHTYPY (OTKa3 CUCTEM MNUTaATESIbHON
BObl)

B cootBetctTBMM C T/r pacyeTamuy,
BO3MOXHa peannsauus pexunma
feed&bleed paznnyHbiIMn cnocobamum:

rnogaya Boabl BbinosiHgeTca Hacocamm CAOS3
B wnin cuctembl npogyBku-nognutky 1
KOHTYypa
cOpOC MOXET OblTb BbINONHEH MOObIM U3
cnocobos

b6ainnac MK KO; nnun

JNIMHNA BbiIBOOA TenNJIOHOCUTENA

BoccTaHoBNeHne anekTpocHabxeHns

CpabaTtbiBaHne 3awmt CAOS3 BepeT K
“NcKycCTBEHHOMY 06ECTO4YEHUID”

“UckyccTBEHHOE 0BEecTo4YeHne” - HeraTUBHbI
acnekT npoekTa. OnepaTtop AOIKEH
BOCCTAHOBUTb 9N1EKTPOCHAOXEHME OT CETU C
LEeNbo YMEHbLUEHUS BPEMEHUN 3aBUCUMOCTH
SHeproo6noka ot A

Feed and bleed
Loss of secondary heat removal (feed
water failure)

RELAP calculations indicate the following
feed and bleed options are available at
RNPP Unit 1:

Either HPIS or CVCS pumps can accomplish
the feed.

The bleed can be performed by any of the
following paths:

PORYV bypass on the pressurizer; or

CVCS letdown line.

Power restoration

ECCS actuation automatically isolates the
plant from the grid, resulting in complete
dependence on emergency power

“artificial blackout” is negative design feature.
Operators could restore a connection to the
grid to minimize the time the plant is
dependent on emergency power.
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% ‘BepoaTHOCTHbIV aHanu3 6e3onacHoctu PASC-1 (RIVISA Project PRA)

EOI Implications from the Preliminary Insights

Teyb n3 1 BO 2 KOHTYpP

ona Teyen m3 1 BO 2 KOHTYP BaXHbIM
ABJISIETCS orpaHuyeHune Bbibpoca
pPaanoakTUBHOCTM 3a npenens ro.
Hencteyiowme WA HepocTtaTto4yHO 4eETKO
onmcbiBatoT nencrTeusg nepcoHana n
NPOMEXYTKN BPEMEHU, 3a KOTOpble
HEOOX0AMMO BbINONHUTL 3TU OENCTBUS

OOoHMM K13  pe3ynbTaToB  MOOENNPOBAHUS
aBapUMHbLIX NocnenoBaTesibHOCTEN SBMSIETCS
YTOYHEHNE TMEPEYEeHs OeNCTBUI nepcoHana,
KOTOPble [OOJ/KHbl ObiTb  BbIMOMHEHbLI  NPU
Takom NCA

CHuxXeHne paBnennsa 1 KoOHTypa

Ana HekoTopbix MICA Heob6XoaAuMMO CHU3UTb
naerneHne 1 KoHTypa:

oannacom MK KO;
CMCTEMOW aBapuUMHOro rasoynaneHus

aHanu3abl nposeneHHole B pamkax BADB
obecneynBaeT XOpPOLYyD OCHOBY AJI9 MOHUMaAHUSA
OTBETHOM peakuun €eHeprodbnoka, MHbopMaLMio
NO BPEMEHHbLIM MHTepBanam ansg Hoebix UJTAC

Primary to secondary LOCA

For primary to secondary LOCA it is
important to limit primary coolant release to
environment. The current EOP does not
clearly describe the MCR operator actions
and time windows, needed to perform the
actions

One of the results of accident sequence
modeling is list of operator actions, which
could be performed as the response to
equipment failure.

Primary pressure decreasing

There are several |IEs requires to decrease
the primary pressure during accident:

by PORV bypass valve;

by Emergency gas evacuation system.

The PRA provides good basis for plant response
understanding, information on parameters

changes and time windows for new EOP
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